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1. INTRODUCTION

This is the eighth in the series of Techniques Development Laboratory (TDL)
office notes which compare the performance of TDL's automated guidance fore-
casts with National Weather Service (NWS) local forecasts made at Weather Ser-
vice Forecast Offices (WSFO's). The local forecasts, which are produced sub-
Jectively, may or may not be based on the automated guidance. We present
verification statistics for the warm season months of April through September
1979 for probability of precipitation, surface wind, opaque sky cover, ceiling
height, visibility, and maximum/minimum (max/min) temperature.

The objective guidance is based on equations developed through the Model
Output Statistiecs (MOS) technique (Glahn and Lowry, 1972). We derived these
prediction equations by using archived surface observations and forecast
fields from the Limited-area Fine Mesh (LFM) model (National Weather Service,
1971), the Trajectory (TJ) model (Reap, 1972), and/or the 6-layer coarse mesh
Primitive Equation (6LPE) model (Shuman and Hovermale, 1968). In operations,
however, forecast fields from the LFM-II (National Weather Service, 1977a) and
the 7-layer PE (7LPE) model (National Weather Service, 1977b) are employed in
the MOS guidance equations when LFM or PE data, respectively, are required.
Unless indicated otherwise, we usually refer to MOS forecasts based on the
LFM-II as "early" guidance; "final" guidance indicates that the objective
forecasts were dependent on the TLPE. Also, the observation times of surface
weather elements used as predictors in the early and final guidance generally
differ.

The local forecasts from the WSFO s were collected by the Technical Proce-
dures Branch of the Office of Meteorblogy and Oceanography for the purposes of
the NWS combined aviation/public weather verification system (National Weather
Service, 1973). These forecasts were recorded for verification according to
the direction that they be "...not inconsistent with..." the official weather
prognosis. Surface observations as late as 2 hours before the first valid
forecast time may have been used in the preparation of the local forecasts.

We obtained the observed verification data from the National Climatic Center
in Asheville, North Carolina.

2. PROBABILITY OF PRECIPITATION (PoP)

The objective PoP forecasts were produced by the warm season prediction
equations described in Technical Procedures Bulletin No.233 (National Weather
Service, 1978a). Guidance was available for the first, second, and third
periods, which correspond to 12-24 hours, 24-36 hours, and 36-48 hours,
respectively, after the model input data time (0000 or 1200 GMT). The predic-
tors for the first period equations were forecast fields from the LFM-II model
and surface variables observed at the forecast site 3 hours after the initial
model time,



Both early and final objective guidance were produced for the second and
third periods while only early guidance was available for the first period.
All of the early automated forecasts were based on the LFM-II model forecasts.
The final guidance for the second period was based on fields from the LFM-II,
TLPE, and TJ models. Third period final guidance equations used TLPE
predictors only.

We verified the forecasts by computing the Brier score (Brier, 1950) for the
87 stations shown in Table 2.1. Please note that we used the standard NWS
Brier score which is one-half the original score defined by Brier. Brier
scores will naturally vary from one station to the next and from one year to
the next because of changes in the relative frequency of precipitation.
Therefore, we also computed the percent improvement over climatology, that is,
the percent improvement of the Brier scores obtained from the local or guid-
ance forecasts over the Brier scores produced by climatic forecasts. The
latter are defined as relative frequencies of precipitation by month and by
station determined from a 15-year sample (Jorgensen, 1967).

Table 2.2 shows the results for all 87 stations for 0000 GMT forecasts made
during the period April through September 1979. Tables 2.3 through 2.6 show
scores for the NWS Eastern, Southern, Central, and Western Regions, respec-
tively; the second and third period verifications are a three-way comparison
between the early guidance, final guidance, and the subjective local forecasts.

In contrast to last warm season (Dallavalle et al., 1979), NWS forecasters
were able to register small improvements upon the early guidance for the
second and third periods. Only in the Central Region for the third period and
in the Western Region for the second period were the guidance forecasts
slightly better than the local forecasts. The local forecasts also continue
to be superior to the guidance for the first period, except in the Eastern
Region where the local forecasts were only slightly better.

The early guidance continued to be more accurate than the final guidance for
both the second and third periods. Furthermore, this superiority was evident
in all the NWS regions, including the Western Region where final guidance
forecasts were better in previous years.

Fig. 2.1 shows the trend since 1971 in the accuracy (expressed in terms of
percent improvement over climatology) of the first and third period 0000 GMT
PoP forecasts for all 87 stations. During the 1979 warm season, the local
forecasts were more accurate for both the first and third periods than the
previous year. In contrast, the guidance forecasts showed no improvement.
Recall that starting with the warm season of 1977 the final and early guidance
have been identical in the first period. Several "long term" trends are evi-
dent. First, the accuracy of both the guidance and local forecasts has
increased since the 1975 season. Undoubtedly, much of this improvement has
resulted from better numerical models which furnish the MOS predictors.
Secondly, since 1975, the 12-24 h forecasts have improved about as much as the
36-48 h forecasts. This is an interesting observation since Charba and Klein
(1980) show the third period local forecasts improving more than the first
period forecasts for the period 1966-1975. Note that results for the 1974 and
*1976 seasons were unavailable because of missing data.



3. SURFACE WIND

The objective surface wind. forecasts were generated by LFM-based (early)
equations valid for the warm season (National Weather Service, 1979). 1In
addition to LFM model forecasts, predictors in the equations included the sine
and cosine of the day of the year and twice the day of the year. Surface
weather observations are not included. Wind guidance produced by PE-based
(final) equations was terminated in May 1979, so the final guidance was not
verified for the 1979 warm season. We only verified the 18-, 30-, and 42-h
forecast projections from 0000 GMT. Note that the definition of the objective
surface wind forecast is the same as that of the observed wind: the
one-minute average direction and speed for a specific time.

Since the local forecasts were recorded as calm if the wind speed was ex-
pected to be less than 8 knots, we verified the wind forecasts in two ways.
First, for all those cases in which both the local and objective wind speed
forecasts were at least 8 knots, the mean absolute error (MAE) of speed was
computed. Secondly, for all cases where both local and automated forecasts
were available, Heidke skill score, percent correct, and bias by category1
were computed from contingency tables of wind speed. The seven categories in
the tables were: less than 8, 8-12, 13-17, 18-22, 23-27, 28-32, and greater
than 32 knots. Table 3.1 lists the 94 stations used in the verification.
Tables 3.2-3.12 show comparative verification scores (0000 GMT cycle only) for
the 18-, 30-, and 42-h projections. Note that all the objective forecasts of
wind speed were adjusted by an "inflation" equation (Klein et al., 1959) in-
volving the multiple correlation coefficient and the mean value of wind speed
for a particular station and forecast valid time.

The results for all 94 stations combined are shown in Tables 3.2 and 3.3.
The MAE's for the direction reveal an advantage for the guidance that was
approximately 40 for all three forecast projections. Overall, the MAE's,
skill scores, and percent correct for the wind speed were generally better for
the objective guidance. The biases by category in Table 3.2 and the contin-
gency tables in Table 3.3 indicate that both the guidance and the local fore-
casts generally underestimated winds stronger than 22 knots (i.e., categories
5, 6, and 7). Overall, the scores were very similar to those for the 1978
summer season.

Tables 3.4-3.7 show scores for the NWS Eastern, Southern, Central, and
Western Regions, respectively. The regional values usually had the same
general characteristics as those for the entire group of stations, except the
advantage of the guidance over the local forecasts varied in magnitude from
region to region. Note also that in the Eastern, Southern, and Central
Regions, there were instances where the mean absolute error of the wind speed
forecasts was less for the local forecasts than for the objective guidance.

TIn the discussion of surface wind, opaque sky cover, ceiling, and
visibility, bias by category refers to the number of forecasts of a category
divided by the number of observations of that category. A value of 1.0 means
ynbiased forecasts of that category.



Table 3.8 shows the distribution of wind direction absolute errors by
categories--0-300, 40-600, 70-900, 100-120°, 130-1500, and 160-1800 .
—-=for all 94 stations combined. For all three projections, we see that the
early guidance had about 6% fewer errors of 40° or more than did the local
forecasts,

Distributions of direction errors for the individual regions are given in
Tables 3.9-3.12. 1In general, these results are much like those in Table 3.8
except, once again, the advantage of the guidance over 1local forecasts
differed in magnitude from region to region.

seasons for the 18- and Y42-h guidance and local forecasts is presented in
Figs. 3.1-3.3. 1In general, the verification data throughout this period were
relatively homogeneous since the number of stations varied only slightly from
Season to season while the basic set of verification stations remained the
same. Since the final (PE-based) guidance was abandoned during the 1979 warm
season, Figs. 3.1-3.3 do not show verification results of the final guidance
forecasts after 1978.

The MAE's for direction are shown in Fig: 3.7, Except for a slight in-
crease in some of the MAE's during the 1975 warm Season, the guidance and

the 6 seasons.

In contrast, the MAE's in Fig. 3.2 indicate a decrease in accuracy for the
final forecasts of wind speed. This was caused by the introduction of in-
flation in July of 1975. We realized that inflation would have this effect;
however, previous wind speed verifications indicated that the bias values of
inflated forecasts were somewhat closer to 1.0 compared to the bias values of
uninflated forecasts (Carter and Hollenbaugh, 1976). Despite the inflation
technique, the MAE's for the guidance were generally as good as, or better
than, those for the loecal forecasts. Note that the 18-h early guidance MAE's
have approached the pre-inflated levels since the forecasts became operational

in 1977.

Fig. 3.3 is a comparison of guidance and loecal skill scores computed on five
(instead of seven) categories; the fifth category included all speeds greater
than 22 knots. Here we see that the skill of the guidance at both projections
remained relatively constant from 1974 to 1979 despite the use of inflation.
Of particular note in Fig. 3.3 is the superiority in skill of the guidance
over the local forecasts for both projections.

The 18- and 42-h early guidance MAE and skill scores in Figs. 3.1-3.3 reveal
the consistent Superiority of the early guidance over the final guidance.
Because of this, we stopped disseminating the final guidance surface wind
forecasts.

4. OPAQUE SKY COVER

The operational prediction equation set used in forecasting opaque sky cover
wag unchanged for the 1979 warm season. The early guidance equations used
LFM-II model output and 0300 (1500) GMT surface observations to produce



forecasts at 6-h intervals from 6 to 48 hours after 0000 (1200) GMT. The .
final guidance equations used LFM-II and 7LPE model output and 0600 (1800) GMT
surface observations to produce forecasts at 6-h intervals from 12 to 48 hours
after 0000 (1200) GMT,.

These regionalized equations produced probability forecasts of four cate-
gories of opaque sky cover, more commonly known as cloud amount, as shown in
Table 4.1. For both the early and final guidance packages, we converted the
probability estimates to a single "best category" forecast in a manner which
produced good bias characteristics, that is, a bias value of approximately 1.0
for each category. For more details about our cloud amount forecast system,
see Technical Procedures Bulletin No. 234 (National Weather Service, 1978b).

We compared the local forecasts at the 94 stations listed in Table 3.1 with
a matched sample of early and final objective forecasts. The comparison was
conducted for 18-, 30-, and 42-h forecasts from the 0000 GMT cycle only. The
local forecasts and the surface observations used for verification were con-
verted from opaque sky cover amount to the categories in Table 4.1. Four-
category, forecast-observed contingency tables were prepared from the trans-
formed local and best-category objective predictions. Using these tables, we
computed the percent correct, Heidke skill score, and bias by category.

The results for all stations combined are shown in Table 4.2. At all pro-
jections, the percent correct and skill scores for final guidance were better
than those for the early guidance. Also, it is clear that in terms of percent
correct and skill scores, both early and final guidance were superior to the
local forecasts. In all categories but the 42-h forecast of broken sky cover,
where the local bias was better than the early guidance, bias-by-category
scores of the early and final guidance forecasts were better (closer to 1.0)
than those of the local forecasts.

The verification scores for stations in the NWS Eastern, Southern, Central,
and Western Regions are given in Tables 4.3 through 4.6, respectively. 1In
each case, the differences in performance between the early and final guidance
were generally small at all projections. The Western Region, at the 18- and
30-h projections, provided the only’instances where the local forecasts
equalled or exceeded that of the guidance forecasts in terms of skill score.
In general, the guidance bias scores for the clear, scattered, and overcast
categories were superior to the locals at each projection. The opposite was
frequently true for the broken category.

The percent correct and skill scores over the past 5 warm seasons are shown
in Figs. 4.1 and 4.2, respectively, for the 18- and 42-h projections. These
figures show that the guidance has improved steadily with time and that the
relative superiority of the guidance over the local forecasts is generally
increasing.

Figs. 4.3 and 4.4 show the biases for categories 1 and 2, respectively, for
the 18- and 42-h projections. These figures show that the bias
characteristics of the guidance have remained superior to those of the local
forecasts. The local forecasts underforecast the clear category (category 1)
and overforecast the scattered category (category 2).



5. CEILING AND VISIBILITY

For the 1979 warm season, we used the same ceiling and visibility prediction
equations as were used during the previous warm season. Operationally, the
early guidance set was driven by LFM-II model output and used 0300 (1500) GMT
surface observations. The final guidance set used both LFM-II and 7LPE model
output and the 0600 (1800) GMT surface observations. The early guidance
consisted of forecasts at 6-h intervals from 6 to 48 hours after cycle time;
the final guidance, from 12 to 48 hours after cycle time. For details
concerning the ceiling and visibility forecast system see Technical Procedures
Bulletin No, 234 (National Weather Service, 1978b).

Our ceiling and visibility verification procedure continued to track the
performance of a number of scores for both subjective local forecasts and ob-
Jective guidance forecasts. 1In each case, a persistence observation (taken at
0900 GMT for the 0000 GMT cycle and at 2100 or 2200 GMT for the 1200 GMT
cycle) provided a comparison. Early and final guidance forecasts were veri-
fied for both cycles at the 12-, 18-, 24—, 36—, and 48-h projections and local
forecasts at the 12-,15-, and 21-h projections. The guidance forecasts and
the persistence observation were usually available to the local forecaster.

We constructed six-category (Table 5.1) forecast-observed contingency tables
for all the forecasts involved in the comparative verification. These cate-
gories were then used for computing several different scores: bias-by-category,
percent correct, and Heidke skill score. We then collapsed the tables to two
categories (categories 1 and 2 combined versus categories 3 through 6 com-
bined) and calculated the bias and threat score for categories 1 and 2 com-
bined and the Heidke skill score and percent correct for the reduced tables.

We have summarized the results in Tables 5.2 - 5.9. The Heidke skill score
and bias for categories 1 and 2 combined are also given in Figs. 5.1 - 5.8 for
selected projections for the last U4 warm seasons.

Tables 5.2 - 5.5 present the verification for the six-category ceiling and
visibility forecasts, At the 12-h projection for both cycles, the persistence
forecast had the highest skill score for both ceiling and visibility, the
local subjective forecast had somewhat lower skill, and the guidance forecasts
had significantly lower skill. The final guidance 12-h forecasts which used
an observation 6 hours after cycle time, always had a higher skill score than
the early guidance, which used an observation 3 hours after cycle time. With
the exception of visibility forecasts at the 15-h projection (where the
difference was quite small), the local forecasts outperformed persistence at
the 15- and 21-h projections for both ceiling and visibility. There was
little difference in skill between the early and final guidance at the 18-,
24-, 36—, and u48-h projections\ However, the final guidance generally had
slightly higher skill scores at these longer-range projections.

The bias-by-category characteristics of the guidance were generally better
(i.e., closer to 1.0) than either the local or persistence forecasts. The
biases of the 36-h persistence forecasts (actually a 27-h projection) should
be about the same as those of 12-h persistence (actually a 3-h projection).
Tables 5.2 - 5.5 show this to be true.



Tables 5.6 - 5.9 contain the comparative verification for the reduced two-
category ceiling and visibility forecasts. The relative frequency of ceiling
less than 500 feet ranged from .007 to .052 and of visibility less than 1 milé
from .003 to .037, indicating that these events are relatively rare and,
hence, are difficult to forecast. The difficulty was reflected in the lower
skill scores. At the 12-h projection, the persistence forecast for ceiling
and visibility had the highest skill score although the skill score for the
local ceiling forecast was only slightly less than that of persistence. As in
the six-category case, the final guidance skill score was always superior to
the early guidance skill score, but both are much less than the persistence
and local skill scores. At the 15-h projection, the persistence skill score
was higher than that of the local forecasts except for visibility on the 1200
GMT cycle. However, at the 21-h projection, the skill score for the local
forecasts was significantly higher than that of persistence. Guidance
forecasts for the 18-, 24-, 36-, and 48-h projections were generally more
skillful than persistence, the exception being the 18-h visibility for the
0000 GMT cycle. Final guidance ceiling forecasts were generally better than
the early guidance for both cycles. The 1200 GMT cycle final visibility
forecasts were somewhat less skillful than the early guidance, with the
reverse being true for the 0000 GMT cycle. Beyond the 12-h projection, the
two-category bias characteristics for the guidance forecasts were clearly
superior to those of both persistence and local forecasts except for the 36-h
projection where the persistence forecasts were better than the early guidance.

Figs. 5.1 - 5.8 present the trend graphs for bias and skill score for
selected projections for the 0000 GMT cycle two-category ceiling and
visibility forecasts. In general, these data show that the guidance bias
characteristics for the difficult-to-forecast low categories improved
significantly with the adoption of the threshold technique for category
selection in 1977. However, we also note a general decrease in the guidance
skill scores between 1978 and 1979.

6. MAX/MIN TEMPERATURE

The objective max/min guidance for April through September of 1979 was
generated by several different sets of regression equations. However, the
predictand for both the early and final guidance was the local calendar day
max or min valid approximately 24, 36, 48, and 60 hours after initial model
time (0000 or 1200 GMT). The final automated forecasts were based on
equations developed by stratifying archived 6LPE and TJ model output, station
observations, and the first two harmonics of the day of the year into seasons
of 3-month duration (Hammons et al., 1976). We used spring (March-May),
summer (June-August), and fall (September-November) equations to produce the
final guidance during the appropriate months of the 1979 warm season.
Operationally, the equations employed output from the 7LPE and the TJ models
as predictors. Station observations taken 6 hours after the initial model
time also were used in the final guidance equations for the first two
projections.

In contrast, the early guidance system depended on prediction equations
(Carter et al., 1979) derived from LFM model output, station observations
available 3 hours after initial model time, and the first two harmonics of the
day of the year. For the first projection, forecast equations were available

-



for 3-month seasons: spring (April-June) and summer (July-September). After
the first projection, however, we had enough data only for 6-month season '
equations. Thus, the early .guidance for the second, third, and fourth )
projections relied on warm season (April-September) equations. In operations,
forecast fields from the LFM-II were employed as predictors in the LFM-derived
equations. Surface observations at 3 hours after the initial model time were
often used as input to many of the forecasts for the first two periods.

The objective guidance--both early and final--is available on the FOUS22
teletype bulletin while the local forecasts are on the FPUSY teletype
message. As mentioned earlier, the automated max/min forecasts are for the
local calendar day. Thus, for example, the first period objective forecasts
of the max based on 0000 GMT model data are valid for the calendar day that
‘starts at midnight following 0000 GMT and that ends 24 hours later. However,
the valid period of the local max/min forecast does not correspond to the
calendar day. Rather, the local forecaster predicts a max for the 1200 to
0000 GMT interval and a min that is generally valid from 0000 to 1200 GMT.
This latter time, however, is extended to 1800 GMT for forecasters in the
Western Region and for many others in the western parts of the Central and
Southern Regions. Hence, caution is necessary in comparing verification
scores for the local forecasts and the objective guidance.

We verified local and objective forecasts from the 0000 GMT cyecle, using
calendar day max and min temperatures obtained from the National Climatic
Center as the verifying observations. Mean algebraic error (forecast minus
observed temperature), mean absolute error, and the number of absolute errors
greater than or equal to 100F were computed for 87 stations (Table 2.1) in
the conterminous United States. Four forecast projections of approximately
24(max), 36(min), 48(max), and 60(min) hours after 0000 GMT were verified.

Verification results are shown in Table 6.1 for all stations combined. It
is evident that the early and final guidance are nearly equal in forecast
skill at all four projections. In fact, the mean absolute errors of the early
and the final guidance differ by no more than 0.19F at any projection.
Moreover, noticeable differences between the early and final guidance in terms
of both the magnitude of the mean algebraic error (or bias) and the number of
large absolute errors ( 2 109F) appear only in the 48-h max. During the
1979 warm season, the final MOS forecasts were better guidance for the 48-h
max, but the early MOS forecasts were more accurate for the 60-h min. This is
an exact reversal of the 1978 warm season verification (Dallavalle et al.,
1979). Also,.note-that, in terms of algebraic error, the early and final
guidance had opposite biases for the 24— and 48-h max with the early guidance
having a warm bias (positive algebraic error) while the final guidance had a
cold bias (negative algebraic error). Finally, observe that the 48-h MOS
guidance for the max was less accurate than the 60-h min guidance. As noted
before (Hammons et al., 1976), the max is more difficult than the min to
forecast during the warm season.

For the first time in our comparative verifications, the differences in
accuracy between the MOS guidance and the local forecasts favored the
objective forecasts. In fact, the local forecasts improved on the early
guidance in terms of mean absolute error and number of large errors only for
the L8-h max. For the other projections, the MOS early guidance was more
accurate than-the subjective forecasts.



Analogous verification scores are shown in Tables 6.2 - 6.5 for the Eastern,
Southern, Central, and Western Regions, respectively. 1In general, the trends
are similar to those seen for all 87 stations combined. However, in the
Eastern Region, the final was marginally more accurate (by 0.19F mean )
absolute error) than the early for the 36-, 48-, and 60-h projections. In the
Southern and Central Regions, the early guidance was generally more accurate
than the final in terms of mean absolute error for all projections but the
48-h max. In the Western Region, the early guidance was superior to the final
guidance except for the 36-h min. The largest differences in accuracy between
the early and final guidance occurred for the 48-h max in the Western Region
where a large cold bias in the final guidance contributed to a mean absolute
error 0.79F greater than that for the early guidance.

The performance of the local forecasters with respect to the automated
guidance varied little from region to region. Generally, the local forecasts
were unable to improve upon the early guidance at any projection except for
the 48-h max. For that forecast projection, the local forecasts were more
accurate than the early guidance (but not the final) in the Eastern, Southern,
and Central Regions. In the Western Region, the local forecasts improved by
0.59F mean absolute error over the final guidance but were still less
accurate than the early guidance.

The mean absolute errors (0000 GMT cycle only) during the last 9 warm
seasons are given in Fig. 6.1 for the max forecasts. Although the curves are
irregular, the final guidance for both the 24- and 48-h max has tended to
improve since 1971. Of course, the natural variability in the max and the
difficulty of predicting that quantity during the warm season are important in
understanding these curves. Note that the local forecasts have also improved
slightly over this period, although the improvement is not as dramatic as with
the objective guidance. The final automated forecasts had substantial
increases in accuracy in 1974 when MOS equations were first operational for an
entire warm season (Klein and Hammons, 1975) and in 1976 when the 3-month MOS
equations were used (Hammons et al., 1976). Finally, after the introduction
of LFM-based equations in 1978, the 24-h early guidance improved to the point
where it was as accurate as the subjective forecasts. This trend in the early
guidance is not evident at the U48-h projection.

An analogous time series is shown in Fig. 6.2 for the min forecasts.
Verifications for the 60-h projection are available for the last 4 seasons.
For the 36-h projection, there has been an overall improvement in both the
objective and local forecasts since 1971. The greatest increase in accuracy
of the 36-h min came in 1974 and again in 1976, as discussed for the objective
max guidance. Note that for both the 36- and 60-h projections the objective
guidance--both early and final--was more accurate than the subjective
forecasts.

T. CONCLUSION

This verification showed that, generally, both the guidance and local
forecasts did at least as well as they did last year and, in many cases,
showed improvement. The most notable exceptions were the ceiling and
visibility guidance forecasts. For the most part, verification scores for
these two guidance products showed an overall degradation over the previous
year. The skill scores for the local forecasts also lost some ground over
last year's forecasts at the 12- and 15-h projections for ceiling and the 15-h
projection for visibility.



The local PoP forecasts for the 1979 warm season were superior to the _
guidance in almost every case in terms of Brier score and percent improvement
over guidance. The only instances where early guidance was slightly better _
than the locals occurred for the third period in the Central Region and the
second period in the Western Region. The trend for percent improvement in
P-score over climatology showed virtually no change from 1978 for the guidance
while the locals continued to improve.

The MOS ghidance wind speed and direction forecasts were generally more
accurate than the local forecasts in both the regional and national
verifications. Both the guidance and local forecasts tended to underestimate
wind speeds stronger than 22 knots, as they have for the previous 5 warm
seasons. Due to the introduction of the inflation technigque in 1975, the MAE
of the wind speed guidance generally increased for the 18- and 42-h
projections. For both projections, the guidance skill scores have remained
superior to those of the local forecasts for the entire 6 year verification
period.

Both the early and the final opaque sky cover guidance were generally more
accurate than the local forecasts in terms of percent correct and skill score
for all projections verified. 1In the Western Region, however, the local
forecasts showed greater skill in terms of skill score than the early guidance
at both the 18- and 30-h projections. Overall, the final guidance was more
accurate than the early guidance for each projection. This superiority of
final over early guidance was also evident on a region by region basis. Only
in the Southern Region at 18-h and Western Region at 42-h was the reverse true.

A direct comparison between local, MOS, and persistence forecasts of ceiling
and visibility was possible only for the 12-h projection. For that
projection, local forecasts were superior to the guidance for both elements
while persistence generally outperformed the locals. At most projections, the
bias characteristics of the guidance forecasts were generally better than
either persistence or the locals. In particular, the locals underforecast the
occurrence of the lower-category events.

For the max/min temperature, the early guidance was more accurate than the
final for the 24-, 36-, and 60-h projections. In contrast, for the 48-h max,
the final guidance had lower mean absolute errors. However, all differences
in accuracy between the two types of objective guidance were small. These
same trends were generally evident in the four NWS regions discussed in this
report. Though comparisons between the objective guidance and the local
max/min forecasts are difficult to make because of the different forecast
periods involved, we found that the local forecasts and the early guidance had
approximately equal mean absolute errors for the 24-, 36—, and 48-h
projections. For the 60-h min, the early guidance was more accurate than the
subjective forecasts.
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Table 2.1.

Eighty-seven stations used for comparative verification of

autcmated and local PoP and max/min temperature forecasts.

AVL
RDU
ORF
PHL
RIC
DCA
CRW
CHS
CLT
CAE
LGA
BUF

BOS
BDL
BTV
PWM
PVD
SYR
LE
CxH
Bl
ACY
CvG
DAY
21t
ICT
MCI
STL
pe it
MXE
SSM
DLH
TAT
MS5P
DSM
OMA
rsD
CEN
BIS
CYS
LEF
BNA
TOP

Asheville, North Carolina

Raleigh-Durham, North Carolina

Norfolk, Virginia
Philadelphia, Pennsylvania
Richmond, Virginia
Washington, D.C.
Charleston, West Virginia
Charleston, South-Carolina
Charlotte, North Carolina
Columbia, South Carolina

New York (Laguardia), New York

Buffalo, New York

Albany, New York

Boston, Massachusetts
Hartford, Connecticut
Burlington, Vermont
Portland, Maine
Providence, Rhode Island
Syracuse, New York
Cleveland, Ohio

Columbus, Ohio

Baltimore, Maryland
Atlantic City, New Jersey
Cincinnati, Ohio

Dayton, Ohio

Pittsburgh, Pennsylvania
Wichita, Kansas

Kansas City, Missouri

St. Louis, Missouri
Chicago (Midway), Illinois
Milwaukee, Wisconsin
Sault Ste Marie, Michigan
Duluth, Minnesota

Fargo, North Dakota
Minneapolis, Minnesota
Des Moines, Iowa

Omaha, Nebraska

Sioux Falls, South Dakota
Deaver, Colorado
Bismarck, North Dakota
Cheyenne, Wyoming

North Platte, Nebraska
‘Nashville, Tennessee
Topeka, Kansas

DFW
JAN
MIA
ORL
TPA
MSY
BRO
SAT
IAH
ATL
BHM
JAX
MEM
SHV
AUS
LIT
OKC

“TUL

MAF
ELP
AMA
ABQ
FLG
TUS
AS
LAX
RNO
SAN
SF
BIL
SLC
BOT
HLN
GEG
PDX
SEA
CPR
RAP
1D
SDF
DTW
PHX
GTF

Dallas-Ft. Worth, Texas
Jackson, Mississippi
Miami, Florida

Orlando, Florida

Tampa, Florida

New Orleans, Louisiana
Brownsville, Texas

San Antonio, Texas
Houston, Texas

Atlanta, Georgia
Birmingham, Alabama
Jacksonville, Florida
Memphis, Tennessee
Shreveport, Louisiana
Austin, Texas

Little Rock, Arkansas
Oklahoma City, Oklahcma
Tulsa, Oklzahoma
Midland, Texas

El Paso, Texas
Amarillo, Texas
Albuquerque, New Mexico
Flagstaff, Arizona
Tucson, Arizona

Las Vegas, Nevada

Los Angeles, California
Reno, Nevada

San Diego, California
San Francisco, Californi=z
Billings, Montana

Salt Lake City, Utah
Boise, Idaho

Helena, Montana
Spokane, Washington
Portland, Oregon
Seattle-Tacoma, Washington
Casper, Wyoming

Raoid City, South Dakota
Indianapolis, Indiana
Louisville, Kentucky
Detroit, Michigan
Phoenix, Arizona

Great Falls, Montana

13



+pouBpynd TEUTF Y3 I3A0 BTEIOT ay3l jo 3usmaaoxduy juasaad Iyl
g7 sasayjuazed Uy 2an3313 9yl ¢aouspjnd ATaea 9yl 13A0 gTEo0T 3yl 30 quamaaoadmy 3uad1ad ayl ey nﬂnha

96T (1e) {1°7T 9€eT” Tvo%) (potaad p1
76€0T 6°9T gLzt TeUTd q mq-onnu
9°8T LyzT’ A1aeg
0°€C (8°%) +6°0 68TT" 18207 poyaad puz
L6E0T 26T 8 AR 1eutd il Tl )
A 1021’ A1ae3
19601 L'EE 9°¢ %Z0T* 1e201 (potaad 38T)
£9%0 062 780" Teuta/A12e3 Y hz-21
(X) (1) 21098 18899104
gase) JO £8o0T038UWTTY I3A0 aouepnd A3AQ0 19714 J0 0d4y uoyadafoxd
Jaquniy Jusmaaoadu] quawmaaoxduy

*a724% IR 0000
‘guojaels (g 103 8318EIAI0F dOd Ted0T pue souepind TBUTF PUT A7aea JO UOTIBIFITISA aayavaedmo)  *Z°7 2T9qEl

14



sF sesayjuaaed uy aan3Ty ay3l faouepynd Lraee 8yl I8A

*20uBpjn8 TRUTJ 9Y3 I3A0 BTBIOT 3yl 3O juamaaocaday Juadxad Iyl

o sTEY0T 9yl Jo jusmasoxduy Juadiad ayi ST BFYL

1
862 (s°€) 180 66€T" 1oy (pot1ad px
2662 T°22 67T TeuTa gk
7°62 } TTYT" £1aeg
€°0€ (L'9) 1€°1 GHET® 18207 otaad pu
9662 v'ST wyyT” TRUT] AP u @miﬂmmu
€°62 €9ET” L1aeg
8L62 A 6°0 ¢s1L”® Te%01 (potaad 18T1)
€Ty Z9TT" Teutd/4taed y z-21
(%) ¢9) 2102§ 18822104
sase) JO A8oTo3BWTTD I9AQ IOUBPTNY I3AQ 1971g 30 adAy uofioafoag
Xaquny Jusmaaoadm] juawmaaoaduy
*uoj89y uialsey 9yl UF BUOFIBIB g7 103 jdaoxa 7'z 9Tqel §® °PwWES ‘E°*Z ITqEL



87 es9sayjuaied uy 2andf3y Y3l

*a20uBpnd TBUFF °Y3 I3A0 STEVI0T 3yl IO qusmaAoaduy Juadzad 3yl

faouspind ATaEB® Oyl I2A0 BTEDOT 9yl jo quamaaoiduf juadiad a3yl s¥ uﬂsaﬂ

S'9T (z'2) .0°T THET® Sl (potzad px
€
9162 ¢y k ZLET" TeuTd el
9°sT GSET* L1aeg
O-HN ﬁw-ﬂv H@-Q HmHHo .ﬂdUDJ. ﬂﬂOﬂPﬂ&_ ﬂGNV
1162 G '8l LLeL” TeUTd Y 9¢-47
6°07 161T° L1aegy
0162 8°T¢ 18 geIn’ 182017 (poyaad 38T)
L°6¢ zeen” Teutd/Araed Y %z-21
(%) () 3109g 18829104
g3E68) JO £30T03BUWELT) I3AQ I0UBPTNH IBAQ 1971 J0 2dAy uoyaloafoag
Jaquny juswaaoadmy juamaaoxdmy
‘uoj8ay ulayjnog ay3 uf suoFIeas ¢z 103 3dedxe z°'z ITQEL 8B dme§ ‘%'Z 9TAEL

16



*aouspyn8d TBUFJ 9Yl I3A0 BTBIOT 3yl 3o jusmaaoadmy juadaad 3yl
s7 sesayiuaied uy 2andy3y 9y3 {eduepind ATaea ay3 19A0 STEOOT 9yl jO Jusmasoxduy qusdxad ay3 sF mﬂghﬁ

€°6T (T°2) - 15°0- ZTEL” Te907 (potaad px
74 §"ET TSET TeuUTa i
L°ST 9TET® mﬂumm
T°T¢ (0°%) +2°'T _ TSET’ Te207 d
T ” : poFaad pug
82LT 8°LT 8071 L il n U 9g-n2 v
T°02 g9cT”’ maumm.

[T VA4 £°'S T90T1* 18907 (potaad 38T)
& 9°87 XA Teutd/A1xey Yy $z7-21
(%) (%) 21098 18829104

83sB) JO £30T03BWIT) I9AQ IDUBPFNH IIAQ 1971g 70 edAL uoyivafoag
Jaqumpy juamaaoaduy juawaaoxdumy
‘uoy8ay TEIIUL] BY3l UT BUOTIBIE 77 103 jdeoxa 7'z @1qel s® sweg ‘S’ PIQFL

17



*aouspynd TBUTJ Byl I3A0 BTBIOT 3yl 3O jquswmaaoxduy 3Juadiad ay3
8} sesayjuaied uy aan3dy3 ay3l foouepyn8d A1aee 9yj 19A0 STEDOT 3Y3l 3O juamaaoaduy 3juad1ad 8yl sF mﬂsha

191 (9°S) {%°% 7690° Te2071 (pot1ad pig)
6SLT L8 T690° Teutrd y gv=-9¢
z°0T 7890° Araeg

6°ST (9°9) qC°0- $890° g (pojaad puz)
T9LT 81T LTLO' TeuTd y 9¢-47
T°9T 7890° A1aeg
2041 S°€T 0°0T 850" 1007 (potaad 38T)
; 0°ST 7690° Teuta/A1aed u 9z=21.
(2) (%) 21028 18829104
Ba6B) JO L8o7103BWTT) I2AQ 2OUBPTNS 13A(Q 1971g 70 2d4y uof32afoag
Jaquny Juswaaoaduy jusmaaoadumy
‘uoy8ay uralsag 9yl UT BUOTIBIE 9T 103 jdeoxs 7'z @[qel S8 2weS ‘9°'7 °TqelL

18



Table 3.1. Ninety-four stations used for comparative verification of guidance
and local sky cover, surface wind, ceiling, and visibility forecasts.

"

—— -

PWM Portland, Maine GTF Great Falls, Montana

BTV Burlington, Vermont TCC Tucumcari, New Mexico

CON Concord, New Hampshire APN Alpena, Michigan

BOS Boston, Massachusetts DTW Detroit, Michigan

PVD Providence, Rhode Island SBN South Bend, Indiana

BUF Buffalo, New York IND Indianapolis, Indiana

SYR Syracuse, New York LEX Lexington, Kentucky

ALB Albany, New York SDF Louisville, Kentucky

JFK New York (Kennedy), New York MSN Madison, Wisconsin

EWR Newark, New Jersey MKE Milwaukee, Wisconsin

ERI Erie, Pennsylvania ORD Chicago (O'Hare), Illinois
AVP Scranton, Pennsylvania SPI Springfield, Illinois

PIT Pittsburgh, Pennsylvania STL St. Louis, Missouri

PHL Philadelphia, Pennsylvania MCI Kansas City, Missouri

CLE Cleveland, Ohio TOP Topeka, Kansas

CMH Columbus, Ohio DDC Dodge City, Kansas

HTS Huntington, West Virginia DEN Denver, Colorado

CRW Charleston, West Virginia GJT Grand Junction, Colorado
DCA Washington, D.C. SHR Sheridan, Wyoming

ORF Norfolk, Virginia CYS Cheyenne, Wyoming

RDU Raleigh-Durham, North Carolina BIS Bismarck, North Dakota
CLT Charlotte, North Carolina FAR Fargo, North Dakota

CHS Charleston, South Carolina RAP Rapid City, South Dakota
CAE Columbia, South Carolina FSD Sioux Falls, South Dakota
ATL Atlanta, Georgia BFF Scottsbluff, Nebraska

SAV Savannah, Georgia OMA Omaha, Nebraska

MIA Miami, Florida MSP Minneapolis, Minnesota
JAX Jacksonville, Florida DSM Des Moines, Iowa

BHM Birmingham, Alabama BRL Burlington, Iowa

MOB Mobile, Alabama INL International Falls, Minnesota
TYS Knoxville, Tennessee FLG Flagstaff, Arizona

MEM DMemphis, Tennessee PHX Phoenix, Arizona -

MEI Meridian, Mississippi CDC Cedar City, Utah

JAN Jackson, Mississippi SLC Salt Lake City, Utah

MSY New Orleans, Louisiana. LAS Las Vegas, Nevada

SHV Shreveport, Louisiana RNO Reno, Nevada

TAU UY-oyston, Texas SAN San Diego, California

SAT San Antonio, Texas LAX Los Angeles, California
DFW Dallas-Fort Worth, Texas FAT Fresno, California

ABI Abilene, Texas SFO San Francisco, California
LBB Lubbock, Texas PDX Portland, Oregon

ELP E1 Paso, Texas PDT Pendleton, Oregon

LIT Little Rock, Arkansas SEA Seattle (Tacoma), Washington
FSM Fort Smith, Arkansas GEG Spokane, Washington

TUL Tulsa, Oklahoma BOI Boise, Idaho

OKC Oklahoma City, Oklahoma PIH Pocatello, Idaho

ABQ Albuquerque, New Mexico MSO Missoula, Montana
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Table 4.1, Definitions of the categories
used for guidance forecasts of cloud

amount.

Cloud Amount

Category (Opaque Sky Cover
: in tenths)

W
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Table 5.1. Definitions of the categories used for guidance
forecasts of ceiling and visibility.

Category Ceiling (ft) Visibility (mi)
1 < 200 < 1/2
2 200-400 1/2 - 7/8
3 | 500-900 1-2 142
4 1000-2900 3-4
5 3000-7500 5-6
6 : > 7500 > 6
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Table 5.2.

Comparative verification of e
local ceiling forecasts for 94 stations,

arly and final guidance, persistence, and’
0000 GMT cycle, 1979 warm season.

Bias by Category

Prod = Heidke
ro_]ectlon Type of Percent S
(b) Forecast 1 2 3 L 5 6 |Correct Scove
Early 0.51 0.75 0.68 0.87 1.10 1.05 70.3 . 345
Final 0.45 0.84 0.85 0.92 1.02 1.04 72.1 .392
12 Local 0.36 0.85 0.79 1.21 1.08 1.00 76.0 . 495
Persistence | 0:79 0.78 0.81 0.92 1.06 1.03 77.8 .519
No. Obs. 187 503 732 1164 1309 9430
Local 0.21 0.46 0.52 0.95 1.37 1.02 717 400
15 Persistence | 243 1.54 0.83 0.61 1.20 1.04 70.6 +372
No. Obs. 28 272 800 1951 1269 10048
Early 0.00 0.59 0.74 0.66 1.09 1.06 70.4 344
Final 0.20 0.57 ©0.83 0.70 1.08 1.06 70.7 .356
18 Persistence |30.60 3.66  1.71 0.59 0.79 1.05 66.9 .289
No. Obs. 5 111 364 1901 1830 9668
Local 0.00 0.38 0.42 0.99 1..05 1.01 70.1 .314
21 Persistence p7-00 4,27 2.13 0.96 0.65 1.00 65.3 .228
No. Obs. 3 98 314 1235 2349 10439
Early 0.26 0.52 0.63 0.78 1.12 1.0l 76.2 333
24 Final 0.42 0.69 0.65 0.86 1.06 1.02 76.4 .337
Sersievancal] §:05 327 2.7 1.36 0.82 0.93 66.9 .191
No. Obs. 19 124 286 828 1752 10869
Early 0.45 0.65 0.90 0.97 0.99 1.04 66.7 .270
36 Final 0.63 1.10 1.15 1.02 1,03 0.99 65.4 .283
Persistence |9+ 74 Q.80 0.84 0.92 1.06 1.03 61.6 .169
No. Obs. 200 508 735 1216 1356 ~ 9779
Early 0.42 0.94 1.50 0.80 0.91 1.02 73.0 244
48 Final 0.95 0.66 162 0.77 0 .96 1.01 72.5 .237
Persistence | 7-84 3.23 223 1.40 0.81 0.93 62.6 .086
No. Obs. 19 125 278 804 1765 10807
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Table 5.3. Same as Table 5.2 except for visibility.
Bias by Catepory Heidie
IFrojection Type of Percent | Shil)
(b) Forecast 1 2 3 4 5 6 |Correct Score
Early 0.55 0.99 1.01 0.90 1.22 1.00 "66.4 - .321
Final 0.59 0.71 1.09 0.92 1.15 0.99 68.1 +357"
12 Local 0.39 1.03 0.50 1.5% 1.31 0.98 70.6 A15
Persistence | 0.63 0.69 0.48 0.84 0.89 1:12 74.2 417
No. Obs. 286 176 3353 1097 1251 8937
Local 0.10 0.52  0.28 1.08 1.19  1.02 74.7 .323
15 Persistence | 6.52 2.06 0.85 0.99 0.84 1.01 74.2 +325
No. Obs. 29 63 704 985 1433 10853
Early 0.50 0.87 0.88 0.99 1.14 0.99 77.6 «275
Final 0.50 0.39 0.85 1.03 1.12 0.99 78.1 .290
18 Persistence (23.75 4.16 1.65 1.38 0.96 0.94 74.4 .260
No. Obs. 8 31 359 709 1240 11300
Local 0.00 0.41 0.26 0.77 1.17 1.02 81.9 .266
21 Persistence |38.40 4.03 2.01 1.72 1.11 0.91 74.7 .219
No. Obs. 5 32 299 576 1103 12029
Early 0.11 0.92 0.88 1.09 1.06 0.99 79.9 274
24 Final 0.17 0.82 0.92 1.20 1.06 0.99 79.8 <282
Persistence |10.56 3.39 1.77 1.56 1.11 0.91 74.0 .218
No. Obs. 18 38 335 627 1068 11561
Early 0:41 0.63. 0.72 0.96 1.17 1.04 64.7 . 264
36 Final 0.85 1.13 1.36  1.24 1.09 0.91 62.0 .291
Persistence | 0.61 0.65 0.48 0.83 0.89 1.13 - 64.1 .195
No. Obs. 304 195 1236 1162 1324 9359 ;
Early 0.76 1.38 1.25 1.15 1.08 0.98 ¥ i7 B «217
48 Final g.53 0.71 1.14 - 1.21 .22 0.97 77.3 .228
Persistence [10.82 3.71 1:73 1.52 .14 0.91 71.4 136
No. Obs. 17 34 340 634 1034 11514
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Table 5.4.

Same

as Table 5.2 except 1200 GMT cycle.

Bize by Categrory i e
Projection Type of Percent Siili
(b) Forecast 1 2 3 4 5 b Correct Sctore
Early 0.59 0.97 0.78 0.93 0.98 1.01 76.8 . 345
Final 0.53 0.85 0.87 0.87 1.02 1.01 174 .363
12 Local 0.35 0.64 0.85 1.47 1.17 0.95 78.4 449
Persistence | 0,24 0.76 1.00 1.35 1.21 0.94 78.6 .456
No. Obs. 17 106 259 791 1672 10437
Local 0.23 0.60 0.78 1.64 0.98 0.97 77.0 .398
15 Persistence | 0,17 0.55 0.86 1.42 1,31 0.94 73.2 .330
No. Obs. 35 176 353 847 1724 11410
Early 1.16 0.98 0.82 0.85 1.00 1.02 7545 . 348
Final - 0.73 0.88 0.76 0.8 1.02 1.02 75.5 . 347
18 Persistence 0,08 0.36 0.67 1.23 1.43 0.95 70T .268
No. Obs. 79 246 414 912 1456 10519
Local 0.16 0.47 0.75 1.58 0.85 1.00 70.9 .342
21 Persistence |0.02 0.24 0.50 1.02 1.45 1.00 66.0 .228
No. Obs. 154 393 603 1156 1505 10314
Early 0.56 0.69 0.84 0.94 1.14 1.02 69.1 .323
21 Final 0. 40 0.75 0.76 0.99 1.13 1.03 69.3 .326
Persistence |0.03 0.18 0.38 0.95 1.60 1.03 63.7 .191
No. Obs. 203 503 724 1185 1329 9894
4
Early 0.94 0.92 0.72 0.93 0.96 1.02 74.6 .272
36 Final 0.71 0.77 0.61 0.80 1.00 1.03 74.8 .264
Persistence |0, 35 0.700 1.03 .42 1.22 Q0,94 65.8 .129
No. Obs. 17 128 271 794 1747 11005
Early 0. 49 0.80 0.84 1.06 1.04 1.02 65.9 <255
48 Final 0.59  0.82 1.02 1,01 0.96 1.02 66.1 .259
Persistence |0.03 0.18 0.36 0.95 1.59 1.03 58.5 .076
No. Obs. 201 492 733 1177 1336 9900

40



Teble 5.5. Same as Table 5.3 except for 1200 GMT cycle.
-y Bias by Catepory Bed i
Projection Type of Percent | Skill
(h) Forecast 1 2 3 4 5 6 Correct Score
Early 0.54 1.19 1.13 1,11 1.06 0.99 B2.4 341
Final 0.54 0.59 0.99 0,94 1.12 0,99 84.8 .418
12 1:0:81 0.&6 0.59 0-49 1-21 1.37 0.97 86-1 -495
Persistence |0.46 0.91 0.92 0,89 1.09 1.00 88.2 .541
No. Obs. 13 32 291 570 957 11187
Local 0.25 1.42 .78 1.47 1,49 0.94 83.1 .390
No. Obs. 32 31 251 621 950 12462
Early 0.81 0.82 0.96 1.08 1.05 0.99 79.5 .308
Final 0.71 0.74 ©0.83 0,88 1.18 1.00 80.6 .332
18 Persistence |0+09 0.47 0.81 0.76 1,135 1,02 81.1 .323
No. Obs. 89 72 360 719 967 11234
Lioeal 0.19 0.96 0,95 1.68 1.25 0.93 73.1 .312
21 Persistence |0.04 0.26 0.56 0.59 1.03 1.08 76.9 .250
No. Obs. 182 110 534 937 1083 11121
Early 0.78 0.80 1.07 1.23 1.07 0.96 65.3 .317
24 Final 0.64 0.73 1.08 1,15 1,16 0.97 65.3 317
Persistence |0.03 0.18 0.23 0.48 0.86 1.23 67.7 .183
No. Obs. 303 193 1255 1143 1295 9467
Early 1.20 1.21  1.10 1.27 1..17 0.97 78.3 .238
36 Final 0.30 0.94 0.97 1.19. 1.14 0.98 79.5 .260
Persistence |0 45 1.03 0.87 0.90 1.10 1.00 79.1 .202
No. Obs. 20 33 339 612 1012 11757
Early 0.82 0.63 1.26 1.22 1.00 0.95 63.2 .280
48 Final 0.87 0.98 1.36 1.23 1.01 0.93 62.3 .280
Persistence '0 103 0.17 0 02& Do‘*B 0 .86 1.23 65!1 -113
No. Obs. 300 198 1237 1137 1298 9487
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Table 5.6.
and local ceiling forecast

warm season. Scores are ¢

S
Rel Freq | Bias Heidke
Projection Type of Cats. 1&2 | Cats. 1&2 | Percent skill
Forecast combined combined Correct Score
e
Early 0.69 93.4 .214
- Final 0.74 94,0 .298
Local .052 0.72 95.3 . 445
Persistence 0.78 95.6 . 504
_______‘________________ﬁ__________ﬂ__________
Local 0.43 975 .157
15 Persistence D21 1.90 95.4 .220
_________ﬂ___m________________________ﬂ____________ﬂ,ﬂ_________ i
Early 0.56 98.9 .161
18 Final .008 0.55 98.9 .173
Persistence 4,82 95.8 .130
I S
Local 0.37 99.2 .127
2 Persistence .007 5.65 95.7 .069
__.____,___.r._ﬂ_______JJ___J_,____________
Early 0.49 98.7 .126
24 Final .010 0.65 98.7 .214
Persistence 3.91 95.5 .105
________ﬂ_____‘______________ﬂ__ﬂ__,.______ﬂ__ﬂ._. _
Early 0.59 93.2 .136
36 Final .051 0.97 92.4 .202
Persistence 0.78 92.2 .109
__________ﬂ_ﬂ__________‘______________ I -
Early 0.87 98.4 .155
48 Final .010 0.69 98.6 .206
Persistence 3.84 95.4 .068
[__;____\ (I I

Comparative verification of early a
g for 94 statioms,
omputed from two—-catego

I—

42

nd final guidance,
0000 GMT cycle, dur
ry contingency tables.

persistence,
ing the 1979

s
R —

Threat
Score

e

141
«197
.307
357

.091
+137

.

.090
.098
.077

I

.070
.042

I

.070
124
.064

e

.092
.138
.081

e

.089
« 119
.043

S
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Table 5.7.

Same as Table

5.6 except for visibility.

Heidke

Rel Freq T Bias
Projection | Type of Cats. 1&2 | Cats. 1&2 | Percent [Skill Threat
Forecast combined combined Correct Score Score
Early 0.71 95.1 .185 .117
15 Final .036 0.64 96.0 . 306 .194
Local 0.63 97.0 467 .318
Persistence 0.65 97.1 .502 . 347
Local 0.39 99.1 043 .024
15 Persistence .007 3.47 97.5 .132 .076
Early 0.79 99.5 -.003 .000
18 Final .003 0.41 99.6 . 002 .000
Persistence- 8.18 97.4 .017 .011
Local 0.35 99,7 .039 .020
21 Persistence .003 8.68 97.5 .012 .008
Early 0.66 99.3 .040 .022
24 Final .004 0.61 99.4 .086 L047
Persistence 5.70 97.4 047 .027
Early 0.50 95.3 Jd51 .083 -
36 Final .037 0.96 94.2. .160 .105
Persistence 0.62 95.0 .129 .083
Early 1.18 99,3 .104 .057
L8 Final .004 0.65 99.4 .069 .037
Persistence 6.08 97.4 .033 .020
43



Table 5.8. Same as Table 5.6 except for 1200 GMT cycle.

Rel Freq Bias Heidke
Projection | Type of Cats. 1&2 | Cats. 1&2 | Percent Skill Threat
Forecast combined combined Correct Score Score
Early 0.92 98.7 .239 . 140
Final .009 0.80 98.9 .310 . 187
12 Local 0.60 99.2 484 <322
Persistence 0.69 99,2 487 «325
Local 0.38 98.5 .308 .187
15 Persistence .039 0.18 98.6 .339 .208
18 Early 1.02 96. 4 +237 . 146
Final .024 0.85 96.8 .250 .154
Persistence 0.29 97.7 .230 w135
9 Local 0.54 95.8 .197 .120
1 Persistence .015 0.48 96.0 .120 .070
Early 0.66 93.0 .136 .094
24 Final .051 0.65 93.2 .160 .108
Persistence 0.14 94,7 .076 .046
Early 0.92 98.4 .200 .116
36 Final - 010 0.77 98.6 227 133
Persistence 0.66 98.6 .159 .090
Early 0.71 92.8 .130 .091
48 Final . 050 0.76 92.9 .156 . 106
Persistence 0.14 94.5 +B31 .022
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Table 5.9. Same as Table 5.7 except for 1200 GMT cycle.
Rel Freq Bias Heidke

Projection | Type of Cats. 1&2 | Cats. 1&2 | Percent |Skill Threat
Forecast combined combined Correct Score Score

Early 1.00 99,4 .086 047

Final .003 0.58 99.5 .110 .060

12 Local 0.56 99.6 227 .129
Persistence 0.78 99.6 .273 o Lo |

Local 0.83 99.3 .083 . 045

15 Persistence .004 0.59 99.4 .077 .042
Early 0.81 98.2 . 141 .081

18 Final .012 0.72 98.2 123 .069
Persistence 0.26 98.6 .064 .036

Local 0.48 97.5 .183 . 107

21 Persistence .021 0.12 97.7 .014 .009
Early 0.79 94.8 .170 .109

24 Final .036 0.68 95.0 451 .096
Persistence 0.09 96.1 -013 .009

Early 1.21 99.2 .064 .035

36 Final . 004 0.70 99,4 .019 .011
Persistence 0.81 99.3 .038 .021

Early 0.75 94,7 141 .092

48 Final .036 0.92 94.2 . 144 .095
Persistence 0.09 96.1 .013 .009
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PERCENT IMPROVEMENT IN P-SCORE OVER CLIMATOLOGY
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Figure 2.1.
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APRIL - SEPTEMBER’

Percent improvement over climatology in the Brier score (P-score)

of the local and the automated early and final PoP forecasts for the warm
season. Results during 1974 and 1976 were unavailable due to missing data.
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MEAN ABSOLUTE ERROR (DEGREES)

55
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Figure 3.1. Mean ab
(early and final

e

APRIL- SEPTEMBER

solute errors for subjective jocal and objective
) surface wind direction forecasts. Since the final

guidance was terminated during the 1979 warm season, it does not
appear on the graph after 1978.
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Mean Absolute Error (Knots)

Surface Wind Speed
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Figure 3.2. Same as Fig. 3.1 except ftor

1875

1976
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SURFACE WIND SPEED
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Figure 3.3. Skill scores computed from five-category contingency tables for

subjective local and objective (early and final) surface wind speed

forecasts. Since the final guidance wWas terminated during the 1979 warm
season, it does not appear on the graph after 1978.
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PERCENT CORRECT
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Figure 4.1. Percent correct for local and guidance cloud amount forecésts

SKY COVER

for 94 stations, 0000 GMT cycle.
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SXILL SCORE
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Figure 4.2. Skill score for local and guidance cloud amount foreca

stations, 0000 GMT cycle.
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CATEGORY | BIAS

SKY COVER

1.4

e 0000 GMT RUN
e =90 U.S. STATIONS

1.2 |— . =

I I | I l

1975 1976 1977 1978 1979

WARM SEASON APRIL— SCPTEMBER

Figure 4.3. Bias of the local and guidance cloud amount forecasts of category
1 for 94 stations, 0000 GMT cycle.
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CATEGORY 2 BIAS
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Figure 4.4, Same as Fig. 4.3 except for catego:;y 2 bias.
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SKILL SCORE
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Figure 5.3. Same as Fig. 5.1 except for visibility forecasts.
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Figure 5.5. Bias for categories 1 and 2 combined for guidance,
local, and persistence ceiling forecasts for 94 stations,

0000 GMT cycle.
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Figure 5.6. Same as Fig. 5.5.
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Figure 5.8. Same as Fig. 5.7.
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